We examined the effects of the histamine H 2 -receptor antagonist, lafutidine, on the levels of gastrointestinal peptides (somatostatin, calcitonin gene-related peptide (CGRP), gastrin, secretin, and motilin) in plasma from healthy subjects. After a single oral administration of lafutidine (10 mg), the plasma lafutidine level (186؎ 13.4 ng/ml) was highest in the 60-min sample after administration and then the plasma level fell. Lafutidine caused significant increase in plasma somatostatin levels at 20 to 120 min and in CGRP levels at 40 to 120 min, compared with a placebo group. The physiological release of plasma secretin was reduced by administration of lafutidine, but the medicine did not alter the level of gastrin or motilin. These results suggest that the pharmacological effects of lafutidine on regulation of gastrointestinal functions closely relate to changes of somatostatin-, CGRP-and secretin-immunoreactive substance levels in human plasma.
Histamine H 2 -receptor antagonists (H 2 -antagonists), widely used in the treatment of peptic ulcers, gastrophageal reflux diseases and gastritis, are potent inhibitors of gastric acid secretion. [1] [2] [3] We previously confirmed that ranitidine and nizatidine cause significant increase in the level of motilin, a powerful inducer of gastrointestinal motor activity, in human plasma. 4) In addition, it has been shown that ranitidine and nizatidine have anti-acetylcholinesterase activity with significantly accelerated gastric emptying. 5, 6) These results indicate that motilin release after an administration of ranitidine or nizatidine may relate to an effect on gastrointestinal motility. However, ulcer relapse has become a clinical problem after cessation of these H 2 -antagonists because of the fragility of the mucosal defensive factors. 7) Recently a newly synthesized anti-ulcer drug, lafutidine, 2-(furfurylsulfinyl)-N-(4-[4-(piperidinomethyl)-2-pyridyl]oxy-(Z)-2-butenyl) acetamide, was developed as a second-generation H 2 -antagonist with an increased action on the gastric mucosal defensive capacity. 8) Lafutidine has potent and long-lasting acid antisecretory activities in rats and dogs.
9) It also affects gastrointestinal functions by regulating gastrointestinal motility. 10, 11) Its effects on gastrointestinal function are mainly regulated by hormonal and neuronal mechanisms, however, the mechanism is not clear. Therefore, we examined the plasma levels of brain-gut peptides which regulate gastrointestinal function.
Somatostatin inhibits the secretion of motilin, gastrin, and secretin, and participates in regulating gastrointestinal motility. [12] [13] [14] [15] [16] [17] Calcitonin gene-related peptide (CGRP) is known to inhibit acid secretion and to stimulate mucosal blood flow. [18] [19] [20] Gastrin stimulates acid secretion and gastrin release is mediated by various mechanisms. 21) Secretin inhibits gastrointestinal motility; it inhibits gastric acid secretion and stimulates pancreatic secretion. 22) Motilin has powerful fundic pouch motor-stimulating activity 23) and is one of the most important factors controlling the regular occurrence of phase-3 contractions of the migrating motor complex (MMC). 24, 25) The purpose of this study was to determine the effects of lafutidine on the plasma levels of somatostatin-, CGRP-, gastrin-, secretin-, and motilin-immunoreactive substances (IS) in healthy subjects.
MATERIALS AND METHODS

Materials
Lafutidine was purchased from UCB Japan (Tokyo, Japan). Lactose (Merck Hoei Co., Ltd., Osaka, Japan) was used as placebo. Synthetic somatostatin, CGRP, gastrin I(G17), secretin, and motilin were purchased from Peptide Institute, Inc. (Osaka). An antiserum to somatosatin was purchased from Cambridge Res. Biochem. (Cambridge, U.K.). An antiserum to motilin (Y121) was obtained from Peptide Institute, Inc. (Osaka). Antisera to gastrin (A600R1B), CGRP, and secretin (A603/1B) were purchased from Biogenesis, Ltd. (Poole, U.K.). All other reagents were reagent grade and commercially available.
Subjects Five healthy male volunteers (non-smokers), aged 23-31 (median 27 years), participated in this study. Each subject received information about the study's scientific purpose, which was approved by the Ethics Committee at Oita Medical University, and subsequently gave informed consent. No subject received any medication for a month preceding the test and no stimulator or inhibitor of gastrointestinal motility was administered to any subject during study.
Determination of Lafutidine Levels in Plasma Standard lafutidine was supplied by UCB Japan Co., Ltd. A 1 ml plasma sample was mixed with 0.5 ml of 1 N NaOH, and was eluted with 3 ml ethyl acetate. The eluate was evaporated to dryness under reduced pressure. The residue was dissolved in 1 ml of 0.1 N HCl, and washed with 1 ml of ethyl acetate. After the aqueous phase was added 0.75 ml of 1 N NaOH, and lafutidine was eluted with 3 ml ethyl acetate containing 20 ng 4-amino-3-nitroanisole as an internal standard. The eluate was evaporated to dryness and reconstituted in a 200-ml mobile phase, and the solution was injected onto a chromatograph. HPLC was carried out using a guard-Pak precolumn and a C18 column (Cosmosil 5C18-AR, Nacalai Tesque, Kyoto, Japan) at 40°C and UV absorbance was detected at 230 nm. Acetonitrile-10 mM phosphate buffer pH 5.9 (20 : 80) was used as the mobile phase at a flow rate of 1 ml/min.
Study Schedules Lafutidine at a dose of 20 mg, or placebo was administered orally with 100 ml of water. Venous blood samples from a forearm vein were taken before and at 20, 40, 60, 90, 120, 180, and 240 min after administration of the drug. All subjects ate lunch between 11 : 45 and 12 : 00 and the study was carried out from 14 : 00 (2 h after lunch) until 18 : 00.
Preparation of Plasma Extracts
The blood samples were placed in chilled tubes containing 500 kallikrein inhibitor units/ml of aprotinin and 1.2 mg/ml of EDTA. After centrifugation, plasma samples were diluted with 4% acetate buffer, pH 4.0, and loaded onto Sep-Pak ® C18 cartridges (Millipore Co., Massachusetts, U.S.A), and washed with 4% acetate buffer. The peptides in plasma were eluted with 70% acetonitrile in 0.5% acetate buffer, pH 4.0, lyophilized, and stored at Ϫ40°C until used. The recovery of plasma somatostatin-, CGRP-, gastrin-, secretin-, and motilin was Ͼ93% with this extraction procedure (data not shown).
Enzyme Immunoassays for Somatostatin-, CGRP-, Gastrin-, Secretin-, and Motilin-Immunoreactive Substances Peptide levels in plasma were measured using a highly sensitive enzyme immunoassay for somatostatin-, 26) CGRP-, 27) gastrin-, 28) secretin-, 29) and motilin-, 30) as previously described. The assay was performed by a delayed addition method. Separation of bound and free antigen was performed on an anti-rabbit IgG (55641, ICN Pharmaceuticals, Inc., Ohio, U.S.A.) coated immunoplate (Nunc-Immuno Module Maxisorp F8, InterMed, Denmark). Human somatostatin, CGRP, mini gastrin I, secretin, and porcine motilin were conjugated with b-galactosidase by N-(e-maleimidocaproyloxy)-succinimide according to the methods of Kitagawa et al. 31) The enzyme immunoassays for somatostatin-, CGRP-, gastrin-, secretin-, and motilin-immunoreactive substances were specific and highly sensitive to detection limits of 0.10, 1.0, 0.04, 1.7, and 0.80 fmol/ml, respectively.
Data Analysis All values are expressed as meansϮS.D. Comparison of mean values was made by analysis of variance and Dunnett's test. A value of pϽ0.05 was regarded as significant.
RESULTS AND DISCUSSION
Lafutidine is a novel antiulcer drug with potent antisecretory and gastroprotective activities. 9, 32) It also treats gastrointestinal functions by regulating gastrointestinal motility. 10, 11) In this study, gut-regulated peptide (somatostatin, CGRP, gastrin, secretin, and motilin) levels, which regulate gastrointestinal function, were examined to study their relation with lafutidine.
The profiles of average plasma lafutidine concentrations against time after oral administration 20 mg of the drug are shown in Fig. 1 . The plasma level (186Ϯ13.4 ng/ml) was highest in the 60 min sample. After oral administration of a lactose tablet (placebo), somatostatin, CGRP, motilin, gastrin and secretin levels were within baseline levels thoughout the 300-min study period (Fig. 2) .
Somatostatin acts as an inhibitor of hormone (motilin, gastrin, and secretin) release. Time course of somatostatin-IS plasma level after lafutidine administration is shown in Fig.  2a . Lafutidine caused significant increase in somatostatin-IS at 20-120 min compared with placebo. The release of somatostatin (AUC 0→240 min ) increased by 33.9% with lafutidine (vs. placebo) ( Table 1) . Mclntosh et al. 33) noted that administration of cimetidine decreased the somatostatin release, while Takeyama et al. 4) reported that cimetidine did not affect plasma somatostatin levels. In this study, some pathways had enhanced somatostatin-IS levels by lafutidine. Somatostatin is released from D cells in the mucosa of the stomach, 34) and participates in regulating gastrointestinal function. [12] [13] [14] [15] [16] [17] Furthermore, the time to peak plasma lafutidine levels after administration of the drug was 60 min. Single administration of lafutidine caused a significant increase of plasma somatostatin in accordance with the plasma lafutidine levels. From this result, it can be assumed that lafutidine affects gastrointestinal mobility via an increase in somatostatin secretion.
The action of CGRP in the stomach includes stimulation of gastric blood flow, 20) inhibition of motility, 19) and inhibition of gastric acid secretion. 18) Time course of CGRP-IS plasma level after lafutidine administration is shown in Fig.  2b . Lafutidine caused significant increase in CGRP-IS at 40-120 min compared with placebo. The release of CGRP (AUC 0→240 min ) increased by 30.2% with lafutidine (vs. placebo) ( Table 1 ). The released CGRP by lafutidine administration may produce a gastroprotective effect, increase mucosal blood flow, and inhibit acid secretion in the gastrointestinal tract by stimulating CGRP-containing nerves.
The plasma gastrin levels after administration of lafutidine are shown in Fig. 2c . The drug had no significant effect on plasma gastrin-IS level; generally, gastrin is secreted as a result of stimulation of the gastric mucosal G cells.
Time course of secretin-IS plasma level after lafutidine administration is shown in Fig. 2d . We previously reported that postprandial rises in plasma secretin were prevented after administration of cimetidine and ranitidine. 4) But Bell et al. 35) reported that cimetidine failed to suppress plasma secretin like immunoreactivity. In our study, the physiological rises in plasma secretin (placebo administration) were reduced after administration of lafutidine even though lafutidine was administered 2 h after lunch. The release of secretin decreased by 59.3% with lafutidine (Table 1 ). This was due to suppression of gastric acid secretion. 22) Motilin is a powerful inducer of gastrointestinal motor activity in the fundus and the antral pouch of the stomach. We previously reported that ranitidine and nizatidine raise the levels of motilin-IS in human plasma. 4) Both have antiacetyl-cholinesterase activity, and might raise acetylcholine levels. 5, 6) Muscarinic receptors are present on the membrane of motilin-secreting cells and acetylcholine is a major regulator of motilin release. 36, 37) The plasma motilin levels after administration of lafutidine are shown in Fig. 2e . In this study, lafutidine had no effect on motilin levels; it probably has no anti-acetyl-cholinesterase activity.
Lafutidine has a cytoprotection effect and treats gastrointestinal functions by regulating gastrointestinal motility. 10, 11) Our studies of gut hormone levels add one viewpoint on mechanism of lafutidine. In conclusion, ingestion of lafutidine causes changes in the plasma levels of somatostatin-IS, CGRP-IS, and secretin-IS. We hypothesize that its gastrointestinal effects might be closely related to changes in somatostatin, CGRP and secretin plasma levels, which are related to the regulation of gastrointestinal function. 
